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Solar Solar neutrinosneutrinos

Status and Status and prospectsprospects
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Homestake
Kamiokande, SK

SNO

Gallex/GNO, Sage (radiochemical)

Solar ν spectrum and experiments with
data

direct
spectroscopy 

E > 5.5 MeV

Still missing: low energy
neutrino spectroscopy



3L. Oberauer, TU München

ResultsResults of of fivefive yearsyears of GNO of GNO 

Energy spectrum Ge- electron capture Time spectrum

L – and K - peak

τ71 = 16.6 +_ 2.1 d

(Lit. 16.49 d)

71Ga + νe −> 71Ge + e
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ResultsResults of of fivefive yearsyears of GNOof GNO

• Full solar cycle

• compatible with flat
distribution

• slight time drift not
excluded

• gaussian distributions
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CombinedCombined GALLEX/GNO GALLEX/GNO resultresult

• reduction of statistical and systematical uncertainties

• supression factor for low-E neutrinos (pp and 7Be): P = 0.556 +_ 0.071

• L(CNO) / L(sun) < 6.5 %  (3 sigma)

PL B 616 (2005) 174
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ResultsResults fromfrom SAGESAGE

15 15 yearsyears of of measurementmeasurement (50 t)(50 t)
R = 67.2  + 5.2 R = 67.2  + 5.2 –– 4.8  SNU4.8  SNU
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ResultsResults fromfrom SAGESAGE

New test of Ga neutrino cross New test of Ga neutrino cross sectionsection withwith 3737ArAr
Close to 7Be solar neutrino energy

Halfe life time 35 d

Pure ground state transition (37Ar + e -> 37Cl + νe)
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Cross Cross sectionsection 7171Ga (Ga (ν,ν,e)e)7171Ge ?Ge ?

Cr and Ar Cr and Ar measurementsmeasurements combinedcombined
IsIs therethere a a problemproblem ??
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SNO SNO resultsresults

hep-ex/0502021

391 d measurement with salt

CC:  D + νe −> 2p + e-
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SNO SNO resultsresults

FlavorFlavor transitiontransition
provenproven byby 7 7 sigmasigma
Agreement Agreement withwith
solar solar modelsmodels

NC:     D + νx −> p + n + νx
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SNO SNO resultsresults

ImprovedImproved accuracyaccuracy on on 
ΘΘ1212

Non Non maximummaximum mixingmixing byby
5 5 sigmasigma
LMALMA--solutionsolution: very : very smallsmall
spectralspectral deformationdeformation, , 
day/day/nightnight ~3% ~3% okok withwith
SNO and SK SNO and SK datadata



12L. Oberauer, TU München

ProspectsProspects

LowLow energyenergy neutrino neutrino spectroscopyspectroscopy: : 77Be, pp, Be, pp, peppep, , 
CNOCNO

DetailedDetailed informationinformation aboutabout thermal thermal fusionfusion processesprocesses
77Be: a 10% Be: a 10% measurementmeasurement yieldsyields determinationdetermination of ppof pp--
fluxflux withwith < 1% < 1% uncertaintyuncertainty
pp, pp, peppep: : yieldsyields presentpresent solar solar luminosityluminosity
CNO: CNO: importantimportant forfor massive massive starsstars
Matter Matter effectseffects: : improveimprove sensitivitysensitivity on on mixingmixing parameterparameter, , 
lookinglooking forfor newnew effects effects 
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CNOCNO

New New valuevalue of of 1414N(p,N(p,γγ))1515O cross O cross sectionsection (LUNA)(LUNA)
New New measurementsmeasurements metal/metal/hydrogenhydrogen on solar on solar surfacesurface: : 
fromfrom 0.023 to 0.023 to nownow 0.01760.0176
ConsequenceConsequence 1: CNO 1: CNO –– νν fluxflux goesgoes down to 50down to 50--70%70%
ConsequenceConsequence 2: 2: AgeAge of of globularglobular clustersclusters increasesincreases by   by   
0.7 to 1 Gy0.7 to 1 Gy !!
ConsequenceConsequence 3: 3: DepthDepth convectiveconvective zonezone RRczcz/R/R00 = 0.726= 0.726
…but …but helioseismologyhelioseismology sayssays RRczcz/R/R00 = 0.713 +_ 0.001 != 0.713 +_ 0.001 !

DirectDirect measurementmeasurement of CNO of CNO –– neutrinosneutrinos requiredrequired !!
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Matter Matter effectseffects

ConfirmConfirm matter matter 
effecteffect ((determinesdetermines
massmass hierarchyhierarchy
mm22>m>m11) ) withwith lowlow E E 
solar solar neutrinosneutrinos
ImproveImprove ΘΘ1212, Θ, Θ1313

SearchSearch forfor nonnon--
standardstandard effectseffects: : 
sterile sterile neutrinosneutrinos, , newnew
interactionsinteractions

7Be

Low E: 
vacuum
dominated
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Future Future experimentsexperiments
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Borexino @ Gran Sasso
• 7Be solar neutrino measurement

• neutrino electron scattering

• CNO and pep neutrinos

• Long baseline reactor neutrinos

• Terrestrial neutrinos

• Supernova neutrinos

• Search for neutrino magnetic moment
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Borexino

Inner Vessel Installation completed in 2004

Water filling Nov 2005

Scintillator filling summer 2006
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Borexino muon
veto system
208 encapsulated
PMs (window with
wavelength shifter)

Tyvek reflector sheets

Completed
2004

Thanks to: 
MLL, 
VIDMAN
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Borexino BackgroundBorexino Background

CTF III CTF III measurementsmeasurements ((sincesince Nov. Nov. 
2001): U, Th, 2001): U, Th, 1414C, Kr, Ar    C, Kr, Ar    okok !!
210210Pb to Pb to bebe improvedimproved byby ~10~10

CosmogenicCosmogenic 1111C C cancan bebe tracedtraced ! ! 
((importantimportant forfor peppep-- and CNO neutrino and CNO neutrino 
detection) detection) 
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KamLANDKamLAND solar neutrino solar neutrino phasephase

Kr: 10Kr: 1066 to highto high
210210Pb (and Pb (and 
daughtersdaughters): 10): 1055

CosmogenicCosmogenic bgbg
x 7 x 7 comparedcompared to to 
Borexino Borexino 
R&D R&D phasephase
((distillationdistillation))
6 M$ 6 M$ investinvest. . 
System System installationinstallation
summersummer 20062006
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SNO+SNO+

Liquid Liquid scintillatorscintillator
1kt (1kt (afterafter heavyheavy
waterwater periodperiod))
MuonMuon rate ~ 70 rate ~ 70 
/ d (/ d (KamLANDKamLAND
26 x 1026 x 1033 /d)/d)
HenceHence lowlow 1111C C 
backgroundbackground
Pep + CNOPep + CNO
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Future large Future large scintillationscintillation detectorsdetectors

LENA (Low Energy Neutrino Astronomy)
~ 50 kt, CUPP, Finland
HSD (Hyper Scintillation Detector) ~50 kt, USA
Baksan ~ 30 kt

flux variations in time (~5400 Be-events per day) 
?

coincidences with helioseismology (g-modes) ?
day/night flux differences (earth matter effect) ?

Relic supernovae neutrinos (star formation early universe)
Geoneutrinos (probing geophysical models)
Proton decay (probing GUTs)
Long baseline neutrino detector (mixing parameter)
Galactic supernova neutrinos (detailed study of a 
gravitational collapse)

Solar n
eu

tri
no 

phys
ics

LENA



23L. Oberauer, TU München

ConclusionsConclusions

LowLow energyenergy neutrino neutrino physicsphysics successfullsuccessfull
Neutrino Neutrino oscillationsoscillations
MuchMuch moremore insightinsight intointo thermal thermal nuclearnuclear fusionfusion
Future: Future: lowlow energyenergy solar neutrino solar neutrino spectroscopyspectroscopy
Neutrino Neutrino parameterparameter (matter (matter effectseffects))
77Be, CNO, Be, CNO, peppep –– neutrinosneutrinos
Technology Technology allowsallows to to aimaim forfor ~50 ~50 ktkt detectorsdetectors
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